Two methods for determining the sensitivity of Haemophilus ducreyi to antimicrobial agents were compared; an agar dilution method and the Etest. The MICs of seven antimicrobial agents; penicillin V, ampicillin, trimethoprim, tetracycline, chloramphenicol, erythromycin and ciprofloxacin were determined for 20 strains of H. ducreyi. The MICs determined with the Etest and with the agar dilution method, showed 86% agreement within one two-fold dilution. The Etest is a good alternative method to the agar dilution technique for antimicrobial susceptibility testing of H. ducreyi. Owing to its simplicity and good reproducibility, the test is well suited for routine use in clinical microbiology laboratories in developing countries.
Introduction
Haemophilus ducreyi is the aetiological agent of chancroid (ulcus molle, soft chancre), a sexually transmitted disease characterized by genital ulcers and tender inguinal lymphadenopathy. Chancroid is endemic in Africa and outbreaks have been reported in Canada, the United States and Europe. In developing countries genital ulcers are reported to facilitate transmission of HIV (Morse, 1989) .
H. ducreyi is difficult to isolate from the lesions, as it is fastidious and slow-growing (Morse, 1989) . During recent decades, the organism has developed resistance to many antimicrobial agents, e.g. sulphonamides, trimethoprim, chloramphenicol, streptomycin, penicillin and ampicillin. Newer agents are recommended for the treatment of chancroid. As H. ducreyi is difficult to isolate from clinical specimens, most H. ducreyi infections are treated empirically. For this reason it is important to monitor changes in antimicrobial susceptibility in order to ensure an effective treatment of chancroid (Morse, 1989) .
There is no standard method for assessing the antimicrobial susceptibility of H. ducreyi. Agar dilution has been used to examine the sensitivity of large numbers of (Hammond et al., 1978; Motley et al., 1992; Knapp et al., 1993) , but it is rather cumbersome and costly for routine laboratory use in determining the MICs for a single isolate. In contrast, the Etest antimicrobial gradient strip has several advantages over traditional methods. It is robust, simple to use and is minimally affected by factors such as incubation time and variations in the growth rates of individual isolates (Bolstrom et al., 1988; Cederbrant, Kahlmeter & Ljungh, 1993; Knapp et al., 1993; Van Dyck, Smet & Piot, 1994) . The aim of this study was to investigate and compare two methods of estimating the antimicrobial susceptibility of H. ducreyi; the Etest and an agar dilution method, using 20 strains of H. ducreyi and seven antimicrobial agents.
Material and methods
The following 20 strains of H. ducreyi, representing isolates differing in geographic origin, and obtained from the Culture Collection of the University of Gothenburg and the Institute of Tropical Medicine, Antwerp (ITMA) were used for the study: CCUG 4438 (CIP 542), 7309 (UM 35001), 7311 (UM 36652), 7470 (CIP 76118), 7781, 9276, 10045, 17713, 17798, 18804 and ITMA 2665, 3207, 3542, 3582, 4703, 4747, 5552, 5585, 5621 (Lagergard, Purven & Frisk, 1993) .
Antimicrobial susceptibility of H. ducreyi was tested on two different media. One medium is used specially for cultivation of H. ducreyi (GL medium), and was based on chocolate agar plates containing 5% brain heart infusion (BHI), 1% horse blood, 1.5% horse serum, 0.06% yeast autolysate and 0.015% IsoVitalex as described previously (Lagergard et al., 1993) . The other medium used was Gc-res (10) which contained 72 g/L Gc II agar base, 20 g/L haemoglobin and 1% IsoVitalex, (BBL, Cockeysville, MD, USA). All media were prepared by the Media Unit of the Department of Clinical Bacteriology, Gothenburg University.
The antibiotics tested were penicillin V, ampicillin, trimethoprim, tetracycline, chloramphenicol, erythromycin and ciprofloxacin. The Etests for these seven antibiotics were obtained from AB Biodisc, Solna, Sweden.
An agar dilution method was used as a recommended standard method (Brown, 1994) . Serial two-fold dilutions of the antimicrobial agents were incorporated into GL agar at the following concentrations in mg/L: penicillin V, 0.08 to 2.5, ampicillin, 0.03 to 7.7, tetracycline, 0.09 to 11.5, trimethoprim, 0.06 to 3,8, chloramphenicol, 0.15 to 9.6, erythromycin, 0.004 to 0.128, ciprofloxacin, 0.001 to 0.016. MIC determinations with the Etest were performed as described by the manufacturer. All strains were first cultivated in GL medium, then suspended in phosphate buffered saline (PBS) and dispersed by vortexing. After sedimentation of bacterial clumps, and adjustment of the optical density to 0.2 at 600 nm, the suspensions were diluted ten times, corresponding to about 10* cfu/mL. A 0.1 ml inoculum was spread over the plate using cotton swabs. This procedure resulted in the recommended, semi-confluent growth on the plate (Brown, 1994) . All plates were incubated with aerocult C (Merck, Darmstad, Germany) in anaerobic jars to provide an oxygen depleted, CO 2 -enriched atmosphere, for 48 h at 33°C. The MIC was defined as a lowest concentration of a given antibiotic which allowed no visible growth of bacteria after 48 h of incubation at 33°C under microaerophilic conditions.
Results and discussion
When the Etest was used on GL plates the growth of H. ducreyi gave distinct borders and the MICs were easy to read. The MICs estimated with the Etest for five strains growing on GL agar were compared with corresponding values determined on Gc-res plates. All values agreed within one two-fold dilution, indicating that the MICs determined with the Etest were not significantly affected by the protein concentration of the medium. In addition, when seven strains were tested with the Etest on three different occasions against six antibiotics (penicillin V, ampicillin, erythromycin, chloramphenicol, ciprofloxacin and tetracycline) on GL agar, all but two of the respective MICs agreed within one two-fold dilution step, indicating that reproducibility was satisfactory on this medium. Comparison of MICs determined with the Etest on GL agar and with the agar dilution method is presented in the Table. Overall, 86% of MICs determined with the Etest agreed within one two-fold dilution with those determined with the agar dilution method. The Pearson correlation coefficient (r) ranged from 0.70 to 0.91, for MICs of trimethoprim, erythromycin and chloramphenicol, respectively (Table) . For some antibiotics, however, i.e. tetracycline, erythromycin and ciprofloxacin, the MICs determined with the Etest were lower than those determined with the agar dilution method. In the case of ciprofloxacin a clear bias was noted; of six strains grouped into a category of MIC ;> two dilution steps, 3 MICs exceeded the two-fold dilution. One possible explanation may be that the strains of H. ducreyi were very sensitive to erythromycin and ciprofloxacin and that MICs in this low range could not be determined accurately. For the other antibiotics the differences in MICs did not exceed one two-fold dilution step. Owing to the slow growth of H. ducreyi, and its fastidious growth requirement in microaerophilic conditions, the Etest is an attractive alternative method for studying resistance in this species. The Etest is a reliable method for estimating the antimicrobial susceptibility of other slow-growing and fastidious bacteria such as Helicobacter pylori and Neisseria gonorrhoeae (Cederbrant et al., 1993; Van Dyck et al., 1994) .
In conclusion, the present findings suggest that the Etest is an accurate alternative method for determination of the susceptibility of H. ducreyi to various •NC, Not calculated, since 17 of 20 strains were resistant to penicillin (MIC >256 mg/L) (the MICs for the remaining three strains were within one two-fold dilution step).
Calculated for ten strains sensitive to this agent.
antimicrobial agents. Owing its technical simplicity and reproducibility, the test is well suited for routine use in clinical microbiology laboratories in developing countries.
